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Control of Botrytis Rot of Strawberries
N. L. Horn and P. L. Hawthorne^
Description of the Disease
The fruit rot disease of strawberries called gray mold is caused by the
fungus B. cinerea. The organism attacks not only the fruit but any part
of the strawberry plant. This was shown by Payette (17) ^, who was able
to obtain tissue cultures of B. cinerea from all plant parts. The author
also was able to isolate the organism from petioles, leaves, fruit, sepals,
crowns, and peduncles. Klinkenberg (9) described a Botrytis rot of
young leaves and flower stalks of strawberry.
The presence of strawberry infection is usually not noticed until
the fruit begin to rot (Fig. 1) . Sometimes it is noticed sooner than this,
especially when the fungus causes blossom blight (Fig. 2) . Nevertheless,
by the beginning of the fruiting season the fungus becomes so well estab-
lished that, if optimum conditions of moisture and temperature prevail
for several days, significant losses occur.
When strawberry plants are set in the field there are always a few
leaves that die as a result of the transplanting. Because the fungus is a
saprophyte and lives from year to year in the soil on dead organic ma-
terial, it is able to build up rapidly on these dead or senescent leaves at
the base of the plants. In addition the fungus can be carried on plants
*Associate Professor, Plant Pathology, and Professor, Horticulture, respectively,
iltalic numbers in parentheses refer to Bibliography on Page 15.
FIG. 2.—Left: The infected flower from a Headliner plant artificially inoculated with
B. cinerea. Right: A healthy blossom.
from season to season. Under these circumstances the organism becomes
established easily under favorable growth conditions in the spring of the
year. When the fungus sporulates on the lower senescent or dead leaves,
the wind carries the spores to the fruit or to the blossoms where the)
become lodged in the floral parts. The work of Powelson (21) indicated
that infection of senescent stamens and calyces is the primary pathway
of infection by which B. cinerea gains entrance to the fruit. The spores
germinate under favorable conditions, and the fungus causes a flowei
blight (Fig. 2) or a fruit rot (Fig. 3) . Not only ripened berries but alsc
green immature fruit (Fig. 3) rot rapidly under certain conditions.
FIG. 3.-Rotted fruit on Headliner plants in the field. Note that even the unrip<
fruit are infected.
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The infected areas appear as spots of a chocolate brown color which
are usually found at the calyx end of the berries (Fig. 3) . They are
easily separated from the healthy tissue-the diseased spot can be pushed
out easily with one's finger.
Infection sometimes involves
the entire fruit, in which case
the whole fruit turns brown,
is soft and then becomes gray.
This gray color is the masses
of spores (Fig. 1, center in-
fected berry) produced by the
fungus and from which the
rot gets the name gray mold.
The spores are produced in
such large numbers that they
appear as a dust puff when
blown vigorously. When the
spores land on other straw-
berry fruit, they cause a new
infection if conditions for
growth are favorable. They of
course infect blossoms (Fig.
2) , peduncles (Fig. 4) , or
other plant parts. Discarded
or rotten fruit thrown in row
middles often become covered with spores and act as a constant source
of current inoculum. A continuous supply of inoculum during the fruit-
ing season can build up sufficiently to cause more than 50 per cent rot.
If rotted fruit remain undisturbed, they become dry and hard and
form what is called a mummy. These dried fruit are masses of mostly
fungus tissue which withstand an unfavorable environment for long
periods, so that the fungus remains in a dormant condition until the
following fruiting season when proper temperatures and moisture cause
it to become active again.
FIG. 4.—Infected peduncles or flower stalks of
Headliner plants artificially inoculated with
B. cinerea. The dark areas are
tissue.
the infected
Determination of the Cause of Rot
In 1951 a thorough investigation was made at the Louisiana Experi-
ment Station to determine the cause of fruit rot of strawberries. Several
thousand tissue cultures from infected fruits were transferred to potato-
dextrose agar. From these tissue transfers Phytophthora sp., Rhizoctonia
sp., Colletotrichum sp., Pezizella lythri (Desm.) Shear and Dodge, Den-
draphoma sp., and B. cinerea developed. The latter was found consistent-
ly with infected fruit and was considered to be by far the major fungus
involved in the fruit rot complex. Lowings (10) in 1955 reported that
B. cinerea was among the three fungi that were found 98-99.5 per cent
of the time in strawberry fruit rot complex.
Since 1950, many workers {1 , 2, 3, 4, 5, 6, 1, 8, 11, 12, 13
14, 15, 16, 18, 19, 20, 21, 22, 23) from various countries have contributec
to the chemical control of strawberry fruit rot.
Methods of Screening Fungicides
Laboratory Methods
In an intensive program to find a control for gray mold, fungicide;
which included organic and inorganic chemicals and antibiotics wer<
screened in the laboratory. Two methods were used. One was the con
ventional slide method in which fangicides were sprayed on microscope
slides and allowed to dr). Spore suspensions (water -\- 1 per cent yeas
extract -\- 2 per cent dextrose) of the fungus were then added to th(
slides and the slides placed ir? high humidity chambers. The per cen
germination was recorded 24 to 72 hours later.
The other method of screening fungicides was called the "fruit dip'
method (5) . Immature berries in the white stage were immersed ir
suspensions containing one of the various fungicides and conidia o;
the fungus. The fruit were placed immediately in a specially constructec
high humidity chamber and stored at room temperatures, which rangec
from 75°-85° F. The number of berries that rotted in each treatment wai
recorded. Two controls were used. One was nontreated fruit, and th(
other was fruit dipped in a conidial suspension only. The reason two
controls were used was based on the fact that some of the fruit were al
ready infected from field spores before they were used in the test. Thi;
infection was not advanced enough to produce visible symptoms on the
fruit, but the fungus had penetrated deeply enough into the fruit cell;
to be protected from the surface fungicide treatments. Each test wa;
run for six days.
Field Methods
After a fungicide had been laboratory tested and found to be fungicidaj
to B. cinerea as well as suitable for field application, it was used ir
field trials to further test its effectiveness. Many of the fungicides which
prevented spore germination in the laboratory screening tests did noi
give good control in the field.
The one problem that hindered the testing of fungicides in the field
was the absence of long enough periods of high humidity. Because tht
fungus required prolonged periods of high humidity to produce enough
rotted berries for evaluation of the materials tested, a specially con
structed series of nozzles which sprayed water continuously around the
plants was used to induce rot (Fig. 5) . This system, with a little assistance
from natural humidity, provided fairly good conditions for the develop-
ment of the disease. About 45 treatments, not including the controls,
were tested under these conditions.
Field plots were 32 feet long with 50 plants double-set on 42-inch
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FIG. 5.—An area in the field showing the sprinkler system used to induce berry rot.
The light spots throughout the photograph were produced by water sprayed parallel
to the ground by a special type nozzle mounted on a 15-inch riser.
rows. The plants were grown under the same cultural practices that
growers used. They were mulched so that the pine needles were spread
between the rows as well as on top of the rows. The plants were sprayed
periodically with Kelthane for mite control and Malathion for cutworm
control. Heptachlor was broadcast around the berry plants to control
slugs and snails.
The fungicide spray programs were started when the blossoms began
to appear, usually sometime during February. Some treatments were con-
tinued into the harvest period, depending on the type of fungicide. Those_
which were known to have a high mammalian toxicity were not used
during the harvest period. Fungicides which contained mercury, for
example, were discontinued some time before harvest. It was thought
that the latter might have a place in rot control, such as a supplemen-
tary spray with captan. The materials were applied with a 50-gallon
John Bean sprayer using about 200 pounds pressure with the spray di-
rected to get good coverage under the plants as well as on top.
The fungicides were applied at various rates depending on the ma-
terial. Som.e fungicides were more phytotoxic than others; thus there
were variations in the concentrations used. For example, some materials
such as thiram and captan were used at 4 pounds per acre, whereas others
such as Dyrene and dichlone were used at i/g pound or less. Attempts
were made to follow a 7-10 day spray schedule. If, however, there was a
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heavy rainfall between the scheduled applications, the materials were
sprayed immediately after the rain.
Captan was used as a field control instead of no treatment. There
were special reasons for this. In the early work of screening fungicides,
captan was found very effective against B. cinerea and had the advan-
tage of having a high tolerance. Such a combination was hard to find,
and the problem actually became a search for a material with improved
fungicidal properties and with a low tolerance. In addition, the plants
were set on 42-inch rows, which meant that the plots were very close, con-
sidering that the fungus produces air-borne spores. Because of the close
proximity of plots, one treatment had an influence on the neighboring
one. Powell {19) pointed out a similar circumstance. Therefore, a con-
trol plot of no treatment would have had more inoculum being spread to
the adjoining rows than a control plot in which captan was used. Further-
more, during the course of the investigations, captan had become a rec-
ommendation. Actually then, as stated above, the most recent tests were
more or less a search for a material superior to captan.
Results of Field Screening Tests
It was pointed out in the previous section that laboratory candidates
that were considered worth trying in the field were tested in an area
that was equipped with a special sprinkler system designed to maintain
higher humidity than normally in order to induce rot. The rotted and
healthy berries, respectively, harvested from these plots were counted.
The per cent rot was obtained for each plot by dividing the total num-
ber of berries harvested into the number of rotted ones and multiplying
the quotient by 100. Although captan, Phaltan, Dyrene, dichlone, thiram,
ziram, and DHA-S were the most promising materials and each was
tested under this system, not all are included in the following discussion.
The results of the 1960 tests are shown in Table 1, in which the total
TABLE 1.—Per Cent Rot of Konvoy and Headliner Berries from Plants Sprayed with
Various Fungicides, 1960
Reps. Harven Dyrene Fungicide X Captan Phaltan Thiram
KONVOY
1 20.0 12.3 15.7 9.5 8.9 16.0
2 14.6 10.9 18.1 10.5 7.1 15.4
3 15.1 10.9 20.4 8.4 9.8 13.4
Means 16.6 11.4 18.1 9.5 8.60 14.9
L.S.D. 1% = 4.3
5% = 3.1
HEADLINER
1 9.2 6.9 14.5 5.1 6.0 7.4
2 9.4 7.2 16.4 6.7 5.8 6.7
3 15.0 9.7 16.6 3.9 4.1 11.0
Means 11.2 7.6 15.8 5.2 5.3 8.4
L.S.D. 1% = 4.5
5% ^ 3.3
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TABLE 2.—Per Cent Rot of Konvoy and Headliner Berries from Plants Sprayed with
Various Fungicides, 1959
Fungicide Fungicide Fungicide
Reps. Captan Dyrene X-1 X-2 X-3 Thiram
KONVOY
1 14.8 11.9 29.0 18.3 24.7 18.0
2 7.6 11.0 24.6 13.3 20.7 9.8
3 4.6 9.5 33.5 10.7 41.5 5.1
Q 0v.yj 14.0 29.0 14.1 28.9 10.9
L.S.D. 1% = 15.9
^ /o = 11.5
HEADLINER
1 6.5 15.6 20.2 10.2 22.2 3.0
2 1.8 8.9 22.7 10.6 28.5 1.4
3 2.9 3.1 24.2 10.8 14.5 3.2
Means 3.7 9.2 22.3 10.5 21.7 2.5
L.S.D. 1% = 9.6
5% 7.0
rots for four consecutive harvests during the period of greatest infection,
which extended from the latter part of April to the middle of May, are
recorded. The per cent rots of the Headliner and Konvoy varieties were
analyzed separately. The mean per cent rots of the treatments in the
Headliner group were similar to the corresponding ones in the Konvoy
group except in the case of thiram. There was no significant difference
between the mean per cent rot of the captan and thiram treatments when
Headliner was the test variety, whereas there was a significant difference
between the same treatments when Konvoy was used as the test plant.
In the 1959 tests (Table 2) , captan, Dyrene, and thiram were sig-
nificantly more effective than the two poorest fungicides, X-1 and X-3.
The fungicide X-2 was as effective in control as captan, but this ma-
terial was discontinued by the chemical company that produced it. Each
variety was analyzed separately so that each had separate sets of L.S.D.
figures. The data were taken during the heaviest rot period, which oc-
curred during the last two weeks of April.
During 1957 the rot was as severe as in any other year in the course
of the investigation. Weather conditions and the spray system helped to
produce rots as high as 86 per cent in the Konvoy variety and 38 per
cent in the Headliner variety. Table 3 indicates the amount of rot that
occurred under good conditions for the development of the fungus. The
table also lists the average yields in crates per acre that were obtained.
The yield data shown here were not for the entire season, but were re-
corded during a consecutive number of days on which rots were most
prevalent. The yields in general reflected the per cent rot that occurred
in any one treatment. For example, to note the extreme, Fungicide 3
treated Konvoy and Headliner plants yielded berries at the rate of 15.8
and 32.2 crates per acre and the per cent rots were 86.0 and 38.6 per cent,
respectively, whereas captan treated Konvoy and Headliner plants yielded
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TABLE 3.—Mean Per Cent Rot of Fruit and Yields in Crates per Acre of the Headliner
and Konvoy Varieties Sprayed with Different Fungicides in the Field, 1957
Mean Per Cent Rot Mean Yields
Sprays Headliner Konvoy Headliner Konvoy
Captan -)- Fungicide 3 10.0 35.0 35.2 21.2
Fungicide X-1 25.0 71.0 37.1 20.1
Captan (control) 7.3 22.0 47.3 30.8
Thiram 7.9 21.0 44.8 28.5
Fungicide X-2 6.6 34.0 40.0 21.0
Fungicide 3 38.6 86.0 32.2 15.8
L.S.D. 5% 10.6 42.7 11.1 5.7
1% 14.4 58.7 18.2 7.8
berries at the rate of 30.8 and 47.3 crates per acre, respectively. In general,
when the per cent rot was high, the yields were low, and vice versa. This
was particularly true in the case of the Konvoy variety.
To briefly demonstrate the effect of the rot on yields, however, an
earlier test with the Klondike variety pointed out that plants treated
with captan. Experimental Fungicide 5400, and DHA-S during the course
of the entire season produced higher yields than nontreated plants. Table
4 gives the results of these tests and shows that when the yields were
high, the rot was low, and vice versa. For example, nontreated plants
yielded 251 crates per acre for the season with 26.5 per cent rot, whereas
captan treated plants produced 441 crates per acre with 9.9 per cent rot.
Perhaps these differences in per cent rot do not seem very large. How-
ever, a difference of 10 per cent between the poorest and best fungicides
was significant in dollars and cents. If for example, a grower spent $7.00
per acre for spray materials for a 7-day period and he harvested 50 crates
an acre during this time with each crate netting $4.00, he would have
more than paid for the material. A 10 per cent loss at this rate is 5 crates,
or $20.00, per acre. Consider the difference of approximately 31 per cent
in Table 3 between captan and the poorest fungicides used on the Head-
liner plants. Here this loss was tripled, amounting to $60.00 an acre. The
data, therefore, show that captan can be used economically in berry rot
control.
TABLE 4.--The Yields and Per Cent Rot of Treated and Nontreated Field-Grown
Klondike Plants
No. Rotted No. Healthy No. Plants Yields in Per Cent
Trcatment Berries Berries Tested Crates/A. Rot
DHA-S 210 1276 73 301 14.1
5400 226 1521 73 348 12.9
Captan 222 2011 75 441 9.9
Control 445 1233 78 251 26.5
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Farmer Cooperative Fungicide Tests
Candidates that were considered effective enough against the organ-
ism in the field screening procedures to become possible recommended
materials were used in outfield tests in commercial plantings. These were
thiram, captan, ziram, DHA-S, and Fungicide 5400, all of which were
discontinued except for thiram and captan. During the course of these
experiments rot became a problem on several occasions. On those oc-
casions captan treated plants produced significantly higher yields than
nontreated plants. Plots ranged in size from 1,500 to 3,000 plants, some
single and others double set, which were sprayed in a 7 to 10 day
schedule that began about the first of March. Harvests were made and
the data were recorded by the growers. No efforts were made to record
the numbers of rotted berries. Thus the data were records of the yields,
which were taken usually during the periods of greatest rot. It was be-
lieved that yields of packed berries reflected the amount of rot in the
various plots, that is, when rot was high, yields were low, and vice versa.
At location 1, Hammond, the yields of berries from captan and
Fungicide 5400 treated Headliner plants were compared with the yields
of berries from nonsprayed Headliner plants. Yields were recorded from
April 10 to May 1, which included nine harvests. When the data were
analyzed, it was found that the yields of berries from the captan treated
plants were highly significant over the yields from the nontreated plants
and those from the Fungicide 5400 treated plants significant over the
nontreated plants. During the three-week period the average number of
pints from the captan and Fungicide 5400 treated plants were 63.0 and
58.4 pints, respectively. Significance at the 1 and 5 per cent levels was
13.3 and 9.9 pints, respectively. The average number of pints of berries
from the nontreated plots was 45.6.
At location 2, Ponchatoula, yields of five harvests were recorded from
Headliner plants from April 5 to May 2, when rot was greatest. The
yields of berries from captan and Fungicide 5400 were compared with
the yields of berries from nontreated plants. The mean yield from captan
sprayed plants was 35.8 pints, whereas the mean yield from comparable
nontreated plants was 23.4 pints. A difference of 11.68 pints was needed
for significance at the 5 per cent level. The yields from plants sprayed
with Fungicide 5400 were not significant over those from nontreated
plants.
At location 3, Independence, the grower indicated captan controlled
rot significantly during a rainy period. His data showed that rot was 5
per cent in captan treated plots as compared to 30 per cent in control
plots.
Evaluation of the Fungicides
It is not necessary to list all the fungicides tested in this investigation.
However, the materials used in field trials from 1951 through 1960 which




according to Stoddard and
Miller (22) , gave better control of gray mold than did captan (N-tri-
chloromethylthio-4-cyclohexene-l-2-dicarboximide) and for longer pe-
riods after spray application. The tests at the Louisiana State University
Experiment Station indicated that there is no significant difference be-
tween them in rot control. Thiram, however, has a lower tolerance and
cannot be applied to strawberry fruit less than three days before harvest,
whereas captan can be used at any time during the harvest period. This
has been the big advantage of captan over thiram. In addition, captan has
been observed to control leaf spot caused by Mycosphaerella fragariae
(Tul.) Lindau. Although thiram was not evaluated for this property at
the Louisiana State University Experiment Station, Cox and Winfree (2)
reported that it was least effective of the fungicides used in field tests for
the control of leaf spot. Because the leading strawberry variety is suscep-
tible to leaf spot, certainly a choice of fungicide would be important
here. On the other hand. Parry and Wood (i5, 16) were able to develop
a strain of B. cinerea resistant to captan, which they were unable to do
with thiram.
The carbamates tested were of little value in control of gray mold.
The dimethyl group were weakly fungicidal to the fungus, whereas
the ethylene group did not get past the laboratory screening stage. Ziram
(zincdimethyldithiocarbamate) showed some control. Cox and Winfree
(2) indicated that repeated applications of nabam (disodiumethylenebis-
dithiocarbamate) -|- zinc sulfate or zineb (zincethylenebisdithiocarba-
mate) appeared to increase Botrytis gray mold. No such indications were
noted in the work presented here. Stoddard and Miller (22) , although
their tests were carried out with plants in the greenhouse, showed that
nabam and ziram gave poor control of the disease.
Dichlone (2,3-dichloro-l-4-naphthoquinone) and Dyrene (2,4-dichlo-
ro-6 (0-chloroanilino) triazine) controlled gray mold as well as captan,
but again the fact that captan has a much greater tolerance eliminated
these two candidates temporarily. Both dichlone and Dyrene burned the
foliage at the higher concentrations used. Lowering the concentration to
a safe level, however, did not reduce the effectiveness of control. Cox
and Winfree (2) reported that these materials caused leaf damage in
the form of bronzing and some stunting.
DHA-S (sodium salt of dehydroacetic acid) appeared to be a promis-
ing material in the field. It has a high tolerance and was rated high in
the first field screening test. The material, however, caused fruit burn or
at least a brown discoloration on the light exposed surface of the berries
and sometimes produced a leaf chlorosis. When DHA-S was used at the
start of these investigations, the spray was made from the technical ma-
terial, which might have had some effect on phytotoxicity. The same
fungicide formulated by the Dow Chemical Co. as Harven showed no
toxicity at the lower concentrations. Nevertheless, in field tests with
Harven, this material did not give as good control as captan.
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Phaltan (N-trichloromethylthiophthalimide) gave as good control of
the disease as did Captan. But again the higher tolerance of captan over
Phaltan eliminated the latter.
Fungicides Recommended for Rot Control
On the basis of the experimental results captan and thiram are rec-
ommended for the control of gray mold of strawberries.
The Pure Food and Drug Administration has set a tolerance of 100
ppm for captan on strawberries. Captan sprayed on strawberries at 3.8
pounds active material or 7.6 pounds formuated material per acre will
not exceed this tolerance. Captan is sold under the commercial names
Orthocide 50 Wettable (50%) and Stauffer Captan Garden Spray (50%)
.
It should be applied to strawberry plants starting about the middle of
February in a 7-10 day spray schedule.
Thiram (commercial name: Thylate) is packaged as a 65 per cent
wettable powder and has a 7 ppm tolerance. This tolerance will not be
exceeded if thiram is applied at the rate of 3.25 pounds of active material
or 5 pounds of the formulation per acre three days or longer in advance
of harvest. Berries treated with thiram and harvested sooner than the
three-day period must be washed. This means that the material was
intended to be used on berries for processing and not on fruit for fresh
market use. Thiram should be used in a 7-10 day spray schedule.
Read the labels carefully for the use of both captan and thiram on
strawberries before spraying with either fungicide.
Varietal Susceptibility
Eleven lines of strawberries were tested in the laboratory for resistance
by the "fruit dip" method. White berries collected from the field were
dipped in conidial suspensions, then placed in moisture chambers of high
humidity for six days at 75°-85° F. Controls were fruit not dipped in
conidial suspensions and placed in similar containers. The numbers of
berries that rotted during the six-day period were recorded. The totals of
three tests are given in Table 5.
All lines were considered susceptible although some appeared some-
what less susceptible than others. Nevertheless, the fungus was able to
infect readily any of the commercially grown berries tested. Therefore
fungicide treatment would be recommended for fruit rot on any of these
varieties.
In a separate series of tests it was found that the varieties Tuzzalino
Bell and Tuzzalino Beauty were also susceptible. Seventy-five per cent of
the fruit from these varieties rotted in four days when placed in the
moisture chambers.
In the field the question of susceptibility is somewhat altered because
of the growth habits of the various varieties. Varieties that have short
peduncles or fruit stalks so that the fruit is held tightly under the plant
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TABLE 5.—The Number of Berries from Various Seedlings and Varieties Rotted by
B. cinerea in the Laboratory "Fruit Dip" Method^
Numbers of Berries Rotted^
Variety or Number of Days after Inoculation
Seedling Number 1 2 3 4 5 6
Klondike control 0 0 0 1 2 6
Klonmore control 0 2 5 5 9 12
Klondike 0 11 13 16 21 25
Klonmore 0 16 20 24 27 29
Konvoy 0 10 16 24 25 25
Marion Bell 0 11 20 22 24 26
0-161 0 4 8 11 14 19
742 0 7 11 14 15 18
0-242 0 13 18 18 19 21
Headliner 0 6 11 17 18 26
0-187 0 13 24 25 26 29
0-162 0 9 15 17 23 24
L-27 0 4 11 17 19 23
^Ten berries for each variety or seedling were used in each of three different tests. Therefore 30
berries of each variety or seedling were tested.
^The number of rotted berries was totaled on each day. Therefore the numbers in each column are
accumulated figures. I
are more subject to rot than the contrasting type with long peduncles
with fruit set away from the foliage. The reason for this is that moisture
remains much longer under the plants. Extended periods of high humid-
ity are conducive to spore germination and growth of the fruit rot fungus.
Summary
The disease gray mold of strawberries is caused by B. cinerea. This
was determined by the repeated isolation of the fungus from fruit and
various other plant parts.
Many fungicides, including organic and inorganic compounds and
antibiotics, were screened in the laboratory by the conventional slide
method and by the "fruit dip" method. Many of these candidates pre-
vented spore germination but were either unsuitable for field testing or
did not perform well in the field.
Phaltan, Dyrene, dichlone, thiram, DHA-S, and captan were the most
effective materials used to control the disease. They were tested on plants
that were grown in an area that was kept wet with a specially constructed
watering system to induce rot. Captan is considered the best fungicide
for commercial use because of its high mammalian tolerance in addition
to its effectiveness in control of B. cinerea and Mycosphaerella fragariae,
Thiram is recommended for the control of fruit rot only.
All varieties of berries tested were found susceptible to B. cinerea,
determined by the "fruit dip" method of inoculation in the laboratory.
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